D iabetes mellitus (DM) is known to cause microvascular and possibly macrovascular complications. This study was performed to find the association between glycosylated haemoglobin (HbA 1C ) level and the severity of coronary artery disease. One hundred and ten consecutive patients admitted to hospital with acute myocardial infarction were studied. Seventy-eight patients (70.9%) had DM, 73 (93.58%) had HbA 1C > 7%, 52 (47.3%) were hypertensive, 19 (17.3%) had a history of smoking and 37 (33.6%) had raised cholesterol. Coronary angiography was carried out in 87 (79.1%) patients and the severity of disease was assessed using the Gensini score. The mean Gensini score was 53.36+36.94 and the mean HbA 1C was 8.4+2.39%. There was a significant association between Gensini score and DM (p=0.003) and between Gensini score and hypertension (p=0.018). HbA 1C (r=0.427, p=0.001) and duration of DM (r=0.362, p=0.004) had a positive linear correlation with the Gensini score. Multiple regression analysis showed HbA 1C to be an independent factor that influenced the Gensini score (p=0.021).
Introduction
Various factors have been associated with coronary atherosclerosis. Atherosclerotic disease accounts for most of the excess mortality in patients with diabetes mellitus (DM). Diabetic patients have a higher prevalence of coronary heart disease with an increased number of fatal coronary events due to a higher incidence of plaque rupture and superimposed thrombosis in diffusely diseased coronary arteries. Diabetic patients develop complications more frequently after myocardial infarction (MI) and have double the in-hospital and six-month mortality compared to non-diabetic patients. 1 Overall, the prevalence of DM in adults in the Kingdom of Saudi Arabia (KSA) is 23.7%, and 27.9% of these individuals are unaware that they have DM. 2 This, along with other factors, leads to poor control of DM and various complications. In the United Kingdom Prospective Diabetic Study (UKPDS), deaths from cardiovascular events were 70 times more common than deaths from microvascular complications. 1 The UKPDS 3 demonstrated that intensive glucose control, by keeping the HbA 1C < 7%, helped to reduce microvascular complications; the reduction in risk of MI was of borderline significance. Other studies suggest that coronary artery disease and glycosylated haemoglobin levels (HbA 1C ) are predictors of cardiovascular mortality. 1, [3] [4] [5] The American Diabetes Association in its recent position statement stated that lowering HbA 1C may be associated with reduction of microvascular, neuropathic and possibly macrovascular complications of diabetes mellitus. They suggested that more studies should be done to establish the relationship between HbA 1C and macrovascular complications. 6 In this study, we examined the incidence and control of diabetes mellitus as assessed by HbA 1C in Saudi patients admitted to hospital with MI. We established a correlation between level of HbA 1C and duration of DM and the severity of coronary artery disease as assessed by coronary angiogram, using the Gensini score.
Patients and methods
This study included all patients admitted to the coronary care unit of Al Hada Military Hospital, Taif, with a confirmed diagnosis of acute MI between May 2007 and January 2008. Data were collected prospectively for 110 consecutive patients. In addition to routine investigations, all patients had their HbA 1C measured on admission. Coronary artery angiography was performed when clinically indicated. The angiogram was reviewed by two physicians, both blinded to the patient's DM status, to assess the Gensini score. The Gensini score assesses the severity of coronary artery disease: it grades narrowing of the lumen of the coronary artery and scores it as 1 for 1-25% narrowing, 2 for 26-50% narrowing, 4 for 51-75%, 8 for 76-90%, 16 for 91-99% and 32 for a completely occluded artery. This score is then multiplied by a factor according to the importance of the coronary artery. The multiplication factor for a left main stem (LMS) lesion is 5, it is 2.5 for proximal left anterior descending artery (LAD) and proximal circumflex artery (CX) lesions, 1.5 for a mid-LAD lesion, and 1 for distal LAD, mid / distal CX and right coronary artery lesions. The multiplication factor for any other branch is 0.5. Three patients with previous coronary artery bypass graft (CABG) surgery were excluded from the study because of difficulty in assessing the severity of their disease.
Blood samples were taken at the time of admission for HbA 1C , serum creatinine and plasma glucose levels in addition to routine measurements. Samples for a lipid profile were taken the morning after an overnight fast. All tests were performed on an ARCHITECT R c8000™ system (Abbott Laboratories). Haemoglobin A 1C was assessed quantitatively using a MUTIGENT TM HbA 1C assay and results reported as percentage of total haemoglobin.
Statistical analysis
Data analysis was performed using SPSS software, version 13. A Mann-Whitney test was used for comparison of continuous variables between two groups that were not approximately normally distributed. In addition, Spearman's correlation coefficients were calculated for ORIGINAL ARTICLE Gensini score and age, HbA 1C , duration of diabetes mellitus and total cholesterol. To ascertain the independent contribution to changes in the Gensini score attributable to hypertension, smoking, age, sex, HbA 1C , plasma glucose, duration of diabetes and total cholesterol, we constructed a multiple linear regression model with changes in Gensini score as the dependent variable. A p value less than 0.05 was considered significant.
Results
A total of 110 patients reported with acute MI between May 2007 and January 2008. Seventy-eight patients (70.9%) had DM, and the majority were being treated with oral hypoglycaemic agents or insulin. Baseline characteristics of the study participants are shown in table 1 and their laboratory findings on admission are listed in table 2. The majority of diabetic patients (93.58%) had poorly controlled DM, suggested by HbA 1C more than 7%. The mean HbA 1C measured in 106 patients was 8.4+2.39%, ranging from 4.4% to 14.6%. Not only did patients have poor long-term control, but overall 62 patients (56.4%) had a plasma glucose level higher than 11.1 mmol/L on admission and a mean plasma glucose level of 13.65+6.3 mmol/L. Coronary angiography was carried out in 87 patients (79.1%). The Gensini score ranged from 2 to 154 with a mean of 53.36+36.94, as shown in figure 1 . Diabetes mellitus (p=0.003) and hypertension (p=0.018) had strong associations with increased Gensini score, suggesting an increase in severity of coronary artery disease in the presence of either of the factors. There was no significant relation between Gensini score and sex of the patient (p=0.668), type of MI (p=0.361) or smoking (p=0.45) (table 3) .
Among diabetic patients there was a positive significant correlation between Gensini score and HbA 1C (r=0.427, p<0.001) (figure 2) and between Gensini score and duration of diabetes mellitus (r =0.362, p=0.004) ( figure 3) . No significant correlation between Gensini score and age was identified ( figure 4) . A significant negative correlation was found between Gensini score and total cholesterol level (r= -0.215, p =0.050) ( figure 5 ). Taken together, the variables of the multiple linear regression model accounted for 26% of ORIGINAL ARTICLE
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DIABETES AND VASCULAR DISEASE RESEARCH Key: HbA 1C = glycosylated haemoglobin the variation in the increase in Gensini score among diabetic patients (table 4) . None of the model's variables showed a statistically significant relationship with Gensini score except HbA 1C (p=0.02). Thus, poor control of diabetes mellitus, as measured by a raised percentage of HbA 1C , was found to be an independent predictor of severity of coronary artery disease.
Discussion
In this study, we demonstrated that HbA 1C is an independent factor influencing the severity of coronary artery dis-ease. The UKPDS 3 showed a 25% relative risk reduction of microvascular complications (p=0.0099) with intensive blood glucose control but no significant effect of lowering blood glucose on cardiovascular complications. A 16% reduction (which was not statistically significant, p=0.052) in the risk of combined fatal or non-fatal myocardial infarction and sudden death was observed. 3, 7 The American Diabetes Association in its 2007 position statement on glycaemic control stated that lowering HbA 1C may be associated with reduction of microvascular and neuropathic complications of diabetes mellitus and possibly macrovascular complications. 6 Khaw and colleagues, 8, 9 in a prospective population study in the UK, showed that an increase in HbA 1C of 1% was associated with a relative risk for death from any cause of 1.24 and 1.28 in men and women, respectively (p<0.001). Similar results have been reported by the UKPDS 3 and by Selvin's meta-analysis 10 which included 1,688 patients with type 1 diabetes in three studies and 7,435 patients with type 2 diabetes in 10 studies. Previously, the Diabetes Control and Complications Trial (DCCT) 11 had shown that improved glycaemic control in type 1 DM is associated with a sustained decrease in microvascular, macrovascular and neuropathic complications. Many other studies have suggested a relationship between diabetes mellitus and vascular complications. Kiuchi and colleagues, 12 in a study in a Japanese population, assessed the severity of coronary artery disease in diabetic patients and its relation to glycaemic control. They used advanced glycation end products (AGE) as a marker of longterm control of diabetes and then compared AGE to HbA 1C to prove the relation to poor diabetic control. They argued that AGE, produced by non-enzymatic reaction between proteins and sugars in longstanding hyperglycaemia, play an important role in atherosclerosis. In our study, we measured HbA 1C to assess diabetic control and performed coronary ORIGINAL ARTICLE 187 VOLUME 5 ISSUE 3 . SEPTEMBER 2008 angiography to delineate the anatomy and severity of coronary artery disease, and then demonstrated a correlation with poor diabetic control, suggested by HbA 1C > 7%, and increasing value of Gensini score. Kiuchi and colleagues 12 quoted coronary angiogram results as positive for one-, twoor three-vessel disease, and only vessels with lesions > 75% were considered. We estimated the severity of coronary artery disease in greater detail by using the Gensini score. Gensini 13 suggested a scoring system which allocates a numerical value for the degree of stenosis in a coronary artery and a multiplication factor that depends on which coronary artery is involved and where the stenosis is located in the coronary artery. This provides a detailed assessment of coronary artery disease and does not ignore even very trivial lesions in coronary arteries. Many other studies have used this scoring system to establish a correlation between the severity of coronary artery disease and other factors such as serum sodium level, 14 renal impairment 15 and impaired glucose tolerance. 16 All (110) of our patients had acute MI, thus manifest coronary artery disease; 87(79.1%) of the patients had coronary artery angiography during the same admission, 78 (70.9%) were diabetic and 73 (93.58%) of these patients had HbA 1C > 7%. Numbers were much smaller in the Japanese study. We demonstrated a significant correlation between Gensini score and DM and hypertension. Hypertension is a potent factor in causing atherosclerosis and its combination with DM is known to exaggerate and accelerate the process. 7,17-21 Among diabetics, duration and control of DM were found to be important. These factors had a positive linear relation with the Gensini score, suggesting that as the duration of diabetes increases, especially if the diabetes is poorly controlled, the severity of coronary artery disease will increase with multiple and tighter lesions. This is consistent with the findings in all the above-mentioned studies, but the evidence in our study is stronger and linked directly to angiographic findings. Other factors, including the age and sex of the patient, type of MI and smoking, had no correlation with severity of coronary artery disease in this study. Total serum cholesterol had an inverse relationship to the Gensini score. This result is hard to explain: a possible explanation may be that DM primarily affects triglycerides and high-density lipoproteins initially rather than total cholesterol. 22 Also, good compliance with taking hypoglycaemic agents and diet control is difficult to achieve in the Saudi population, meaning that better results may be achieved for lowering cholesterol than plasma sugar levels -once-daily intake of statins, irrespective of serum cholesterol level, is easier to achieve than a complex glycaemic control which varies with every meal.
When all the results were collated and a multiple linear regression model was developed, it clearly showed that HbA 1C was an independent factor influencing the severity of coronary artery disease as demonstrated by coronary angiography. Severity of coronary artery was correlated with the duration of DM and with poor control of diabetes as shown by higher levels of HbA 1C . 
